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Abstract: Coagulation and fibrinolytic system disorders are conditions in which the blood’s ability
to clot is impaired, resulting in an increased risk of thrombosis or bleeding. Although these dis-
orders are the expression of two opposing tendencies, they can often be associated with or be a
consequence of each other, contributing to making the prognosis of acute cerebrovascular events
more difficult. It is important to recognize those conditions that are characterized by dual alterations
in the coagulation and fibrinolytic systems to reduce the prognostic impact of clinical conditions
with difficult treatment and often unfortunate outcomes. Management of these individuals can be
challenging, as clinicians must balance the need to prevent bleeding episodes with the potential
risk of clot formation. Treatment decisions should be made on an individual basis, considering the
specific bleeding disorder, its severity, and the patient’s general medical condition. This review
aims to deal with all those forms in which coagulation and fibrinolysis represent two sides of the
same media in the correct management of patients with acute neurological syndrome. Precision
medicine, personalized treatment, advanced anticoagulant strategies, and innovations in bleeding
control represent future directions in the management of these complex pathologies in which stroke
can be the evolution of two different acute events or be the first manifestation of an occult or unknown
underlying pathology.
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1. Background

In the last decade, many steps forward have been made in the search for new anticoagu-
lant drugs capable of acting on the pro-coagulative activity of some pathological conditions
such as atrial fibrillation or congenital anomalies of the blood coagulation system (factor V
deficiency Leiden, protein C, and protein S deficiency, hyperhomocysteinemia) [1,2]. New
drugs have therefore been introduced, including direct anticoagulants, which are now key
therapies in numerous pathological conditions and are added to antifibrinolytics, platelet
inhibitors, and vitamin-K-dependent anticoagulants [1–4]. Their therapeutic benefits are
indisputable; however, all evidence for these treatments must be balanced against the risk
of bleeding complications, which are relatively frequent for some of these drugs. Warfarin,
the oral anticoagulant that until a few years ago was the most commonly used, substan-
tially increases the risk of major bleeding complications, including hemorrhagic stroke
and gastrointestinal bleeding, by up to 3–8% per year [5,6]. Similarly, major bleeding is a
serious and frequent complication of all inhibitors of platelet activity, including adenosine
diphosphate 3–5 receptor antagonists such as clopidogrel and prasugrel [7,8]. We have
therefore focused our attention more on the risk of ischemic stroke in hemorrhagic patients
as it always represents a critical issue in the management of patients, especially the most
fragile patients. This represents a condition in which it is always difficult to make a choice,
with a consequent increase in mortality rates and health care costs in terms of worsening
frailty if the patient were to survive. This review analyzes all the aspects linked to these
antithetical conditions in order to better think about the appropriate therapies to apply to
these patients as categories at greater risk of complications.

Neurol. Int. 2023, 15, 1443–1458. https://doi.org/10.3390/neurolint15040093 https://www.mdpi.com/journal/neurolint

https://doi.org/10.3390/neurolint15040093
https://doi.org/10.3390/neurolint15040093
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/neurolint
https://www.mdpi.com
https://orcid.org/0000-0002-9793-0794
https://doi.org/10.3390/neurolint15040093
https://www.mdpi.com/journal/neurolint
https://www.mdpi.com/article/10.3390/neurolint15040093?type=check_update&version=1


Neurol. Int. 2023, 15 1444

2. Stratification of Bleeding Risk in Patients Treated for Vascular Events Prevention

The occurrence of bleeding, major or minor, attributable to the use of direct oral
anticoagulants (DOACs) varies based on the introductory trials and, for this reason, the
need to stratify patients based on the possible risk associated with this therapy has become
widespread. In the RE-LY study [9], which compared dabigatran with warfarin for stroke
prevention in atrial fibrillation, the annual rate of major bleeding with dabigatran 150 mg
twice daily was approximately 3.11%, while with dabigatran 110 mg twice daily it was
approximately 2.71%. Ultimately, the RE-LY study concluded that dabigatran administered
at a dose of 110 mg was associated with an incidence of stroke and systemic embolism
similar to that found in patients in the warfarin group, compared to a lower incidence of
major bleeding. At the 150 mg dosage, it was associated with a lower incidence of stroke
and systemic embolism with the same incidence of major bleeding. In the ROCKET AF
trial [10], which compared rivaroxaban with warfarin for atrial fibrillation, the annual rate
of major bleeding with rivaroxaban was approximately 3.6%, whereas with warfarin it
was approximately 3.4%. In the ARISTOTLE study [11], which compared apixaban with
warfarin for the prevention of stroke in atrial fibrillation, the annual rate of major bleeding
with apixaban was approximately 2.13%, while with warfarin it was approximately 3.09%.
In the ENGAGE AF-TIMI 48 study [12], which compared edoxaban with warfarin for the
prevention of stroke in atrial fibrillation, the annual rate of major bleeding with edoxaban
was approximately 2.75%, whereas with warfarin it was approximately 3.43%. Clinical
studies that establish their effectiveness provide valuable information; although these
drugs have declared low rates of major bleeding, it has been repeatedly highlighted that
the patients tested often belong to a class of individuals at a lower risk of adverse effects
compared to the real ones in practice [13]. This does not offer the opportunity to verify the
real weight of drug-related adverse events, especially in more complex patients where drug–
drug or drug–disease interactions must always be considered [14,15]. With the introduction
of some scores such as, for example, the HAS-Bleed in the context of atrial fibrillation, an
attempt has been made to classify patients at high or low risk of major bleeding. However,
in the case of multipathological and complex patients, these systems often fail to prevent
complications [16–20]. A further problem is the misrecognition of conditions with a high
risk of bleeding in all patients who should undergo invasive procedures, whose theoretical
calculated risk of bleeding may be lower than when corresponding to reality [21]. These
are often fragile patients with a precarious state of health who often, as already mentioned,
escape the introductory trials of various drugs [22,23]. Therefore, in patients treated with
NOACs, a greater stratification of the fragile patient at risk of bleeding necessarily requires
knowledge of all the possible clinical conditions at risk of bleeding even if this is not always
feasible [24].

3. Hemorrhagic Patients and Risk of Ischemic Stroke

As we have already reported, the greater the degree of frailty of the patient, the greater
the risk of adverse events in patients at high cardiovascular risk or already undergoing
secondary prevention for atherosclerotic or cardioembolic ischemic stroke or with both as-
sociated conditions (Figure 1) [21–24]. The treatment of choice to prevent another ischemic
stroke is a long-term oral anticoagulant or antiplatelet strategy. However, many patients
cannot take such drugs due to long-term contraindications, comorbidities, cognitive impair-
ment, severe walking difficulties with frequent falls, and patient refusal [25,26]. The risk of
death or addiction, as well as the risk of stroke recurrence in this group, is also not well
known but must certainly be considered [25,26]. The presence of ongoing bleeding causes
a series of problems for patients who, at risk of thromboembolic events, take antiplatelet or
anticoagulant therapy [27,28]. However, there is evidence to support the hypothesis that the
suspension of these drugs in patients at high cardiovascular and cerebral risk can cause both
early and medium-term acute ischemic events related to the hemorrhagic event [29–31].
Even if hemorrhagic events and thromboembolic events are antithetical to each other, they
show some shared risk factors. Among these, we consider in particular increasing age,
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frailty, comorbidity, atherosclerosis, genetic predisposition to blood coagulation disorders,
and platelet pathology [30,31]. Doctors are therefore faced with a therapeutic dilemma
in the management of patients with concomitant hemorrhagic and ischemic pathologies,
especially because, at present, there are no systematic reviews and randomized or observa-
tional studies that address this problem [32,33]. Most studies conducted in the past did not
mention individual modifiable and non-modifiable risk factors, nor the degree of health
complexity and fragility of each patient [34–36]. It is estimated that the recurrence of a
stroke during the secondary prevention period is approximately 20% [37]. Among the
first causes, there is certainly the impossibility of carrying out the best treatment or the
non-optimal coverage of all the risk factors that can contribute to relapse [38,39]. Patients
undergoing secondary prevention after an acute cerebral circulation disorder and with high
adherence to therapy show a lower incidence of new events [39,40]. Some studies have
hypothesized that low adherence to the optimal therapeutic scheme for the prevention of
a further cerebrovascular event is linked to the fear of prescribing drugs with important
adverse events, uncertainty about long-term clinical benefits and risks, lack of knowledge
and experience in managing such therapies, or competing medical issues such as the cost
of medications [41]. Others hypothesize that effective information is lacking in how to limit
low drug use in populations with different levels of education or cultural traditions adverse
to the use of such important drugs [26,42,43]. However, it is the complexity of the patients
that represents the fundamental cause of the unfavorable outcome of the disease [44]. We
do not yet have adequate knowledge of this complexity in the field of cerebrovascular
diseases. We know that there is already a pre-stroke complexity that affects approximately
25% of the affected population, to which is then added the fragility that follows one or more
acute cerebrovascular events [44]. It must be said that stroke is one of the most common
acute manifestations observed in the elderly and is related to the majority of systemic
cardiac, pulmonary, renal, and degenerative pathologies whose synergistic effect is not yet
well known [45]. This is why, despite having cutting-edge therapies for the prevention and
treatment of stroke, we have a persistently high mortality and disability rate [45,46].
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Figure 1. Risk factors for ischemic and hemorrhagic strokes.

4. Clinical Outcome of Frail Patients

We know that, together with atherosclerosis, atrial fibrillation (AF) is the most impor-
tant cause of stroke. All three of these conditions become increasingly common in old age
and where frailty is greater, characterized by a decline in biological reserves and the deteri-
oration of physiological mechanisms, making the elderly vulnerable to a series of adverse
outcome factors [47–50]. There are little data available on the safety of treatments used in
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the frail population useful for the primary or secondary prevention of acute cerebrovascular
events. In frail patients, a greater number of adverse events related to anticoagulant therapy
have been observed, such as bleeding and a greater difficulty in choosing the best therapy
for these patients [51]. This leads us to think that the presence of adverse events and
the high mortality of these patients is linked precisely to the condition of fragility [52,53].
According to Wilkinson et al. [51], it is precisely bleeding linked to anticoagulant therapy
that can be subjected to review in light of the concept of frailty, representing an objective
of improving safety and mortality outcomes for this condition. Modifiable hemorrhagic
risk factors should be sought and subjected to an optimization process, also in light of
the polytherapies often present in these patients [54,55]. Indeed, a dose adjustment of
anticoagulant therapy was able to satisfactorily prevent stroke, without a significantly
higher incidence of major bleeding compared to placebo [56]. In the following parts, we
will discuss what the main factors are that can influence the occurrence of adverse events
during chronic treatment for the prevention of stroke or a subsequent event.

4.1. Cerebrovascular Anatomical Condition and Hemorrhage and Ischemic Stroke Risk

Alterations in the blood–brain barrier (BBB) underlie the manifestations that can result
from an intracranial hemorrhage or an ischemic stroke associated with several modifiable
cardiovascular risk factors (Figure 2) [57]. In pathological conditions, the loss of the home-
ostatic microenvironment leads to the impairment of normal neuronal function and the
alteration in the permeability of the vascular endothelium [58,59]. During and after is-
chemic stroke, this phenomenon increases the risk of hemorrhage by creating gaps through
the tight junctions of the endothelium [60–63] (Figure 3). Diabetes and cigarette smoking
have been identified as among the risk factors that mostly cause this catastrophic sequence
of events, and are associated with the presence of coagulopathy during chronic liver disease
and anticoagulant therapy [64,65]. Obviously, patients undergoing anticoagulant therapy
are strongly exposed to the risk of intracerebral hemorrhage due to the increased risk of
bleeding associated with the use of these drugs [66,67]. Chronic liver disease with associ-
ated coagulation disorders is also associated with cerebral hemorrhage but the definitive
role of this condition in the hemorrhagic transformation of ischemic stroke has not yet been
fully clarified [68]. The latter study in fact associated liver cirrhosis with a high risk of
ischemic stroke, venous thromboembolism, and major hemorrhagic complications only in
patients suffering from chronic atrial fibrillation [68]. Another study [69] considered that
left ventricular dysfunction is also an independent risk factor in the atrial fibrillation of the
evolution of cerebral microvascular damage toward lacunar infarction cerebral hemorrhage
or a combined form of both conditions. It is very interesting to underline that one study [70]
considered how arterial hypertension contributes more to ischemic stroke in patients up to
65 years of age while, in older patients, it contributes more to intracranial hemorrhage.
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Figure 3. Pathogenesis of rupture of blood–brain barrier (Adapted).

4.2. Size and Severity of the Hemorrhage and Ischemic Stroke Risk

The size and severity of the hemorrhage can influence the risk of complications such
as ischemic stroke. Larger hemorrhages involving critical areas of the brain may increase
the risk of ischemia [71]. Reperfusion therapies can lead to hemorrhagic transformation
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in between 3.2 and 43.3% of cases, with a more significant impact on prognosis [72,73].
Etiologically, hemorrhagic transformation is a multifactorial phenomenon, and previous
studies, in addition to atrial fibrillation, advanced age, and delay in thrombolytic treatment,
have highlighted how the severity of the symptoms and the extension of the ischemic
territory are equally important risk factors [74–76]. In particular, it should be underlined
that the importance of the vessel affected by the occlusion is also crucial in determining the
risk of post-procedure hemorrhage [72,77]. Large vessel occlusion worsens stroke severity
and is associated with a worse NIHSS score and an involvement of a larger area of brain
tissue [78,79]. In the case of a cardioembolic stroke, the numerousness of the clots was
predictive of the overlap of a hemorrhagic complication considering the possibility that,
in this case, there could be a greater extension and a multiplicity of the infarcted brain
areas [72,80]. Iancu et al. [81] looked for risk factors and hemorrhagic transformation in
patients with an initial diagnosis of ischemic stroke. Among these, the presence of male
sex, high glycemic values of arterial hypertension at baseline, and high values of NIHSS
and ASPECTS scores were all associated with a significantly elevated risk of hemorrhagic
transformation [81]. In this study as in others, the assessment of stroke severity and
early detection of tomographic characteristics of the infarcted ischemic lesion were the
main predictive factors of hemorrhagic transformation [82,83]. In particular, it has been
seen that a score above 20 is considered to be at high risk of hemorrhagic transformation
regardless of whether the cerebral arterial occlusion has undergone revascularization or
not. Another study, however, does not recommend mechanical thrombectomy in the
presence of an NIHSS score ≥20 due to the high possibility of hemorrhagic events [84].
Another interesting study found a correlation between an increased NIHSS score and
the concomitant presence of atrial fibrillation and tumors [85]. These data regarding the
concomitant presence of atrial fibrillation have not been confirmed in other studies [81],
while, with regard to the diagnosis of a concomitant neoplasm, it is difficult to find case
series that evaluate patients also for the purposes of researching a neoplasm occult. To
conclude, a review demonstrated that the occurrence of hemorrhage in the context of an
ischemic area depends on many factors, including the location and size of the infarct and
poor collateral vascularization, confirming what has been said previously [86]. Therefore,
by reflecting on these factors, in the future, one will be able to better stratify the risks before
treating a patient with a stroke to avoid worsening the prognosis.

4.3. Individual Risk Factors in Patients with Hemorrhagic Transformation

The presence of independent risk factors such as arterial hypertension and diabetes
mellitus strongly contributes to the worsening of the prognosis in these patients. The main
studies [87,88] that have correlated diabetes mellitus with a greater severity of the stroke
and therefore a greater risk of hemorrhagic transformation have highlighted that glycemic
decompensation has a negative effect on the BBB and is associated with negative prognostic
outcomes. The impact of glycemic imbalance on the metabolism of neurons affected by the
stroke is biphasic: first, it is a protective factor; then, it represents the optimal condition
for the formation of oxygen free radicals that alter the balance of the barrier, leading to a
reduced reperfusion of the microvascular circulation, edema of endothelial and cerebral
cells, and therefore hemorrhagic transformation, complicating the clinical picture [89–91].
The same destabilizing effect on the BBB has been observed for blood pressure as the latter
is also capable of causing its permeability [92–96]. In patients with a long history of arterial
hypertension, the small vessels of the cerebral circulation exhibit stable endothelial damage
that further aggravates the inflammatory damage caused by circulating oxygen free radi-
cals [92–96]. It must also be said that the ischemic stroke itself causes an increase in blood
pressure values that essentially derive from the type of stroke, the state of recanalization,
and the reorganization of the flows through the collateral vessels [97]. In the case of a
hemorrhagic stroke, the reduction in blood pressure values can help to limit the extent of
the blood share but does not influence functional outcomes [98]. It is therefore possible
that blood pressure is not sufficiently controlled alone, but may influence the outcome of
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treatment in synergy with other measures [95]. AF is associated with an increased risk of
intracranial hemorrhage, although this is largely related to concomitant anticoagulant ther-
apy. In a limited number of cases, it has been shown that patients with atrial fibrillation can
develop extracranial hemorrhage (ECH) [99]. However, it is unclear whether patients with
AF may have a better or worse prognosis than those without arrhythmia [100]. Patients
with AF certainly benefit from thrombolytic treatment within the established timeframes,
with some associated bleeding risk. Furthermore, it is reiterated that the treatment of all
predisposing conditions is truly associated with the favorable outcome of treatments in
ischemic stroke. One study [100] also considers that, generally, AF patients suffering from
ischemic stroke are significantly older and have a higher NIHSS score than the non-AF
group. Therefore, it is necessary to consider that patients with AF are at greater risk of
adverse events and poor prognosis, regardless of concomitant anticoagulant therapy [100].
Atherosclerosis is to be considered as a condition that can alternatively cause ischemic or
hemorrhage, so its progression is strongly associated with possible dual manifestations
of thrombosis and hemorrhage [101]. Intracranial hemorrhage is the only pathological
form that unites some rather rare conditions, including cerebral amyloid angiopathy, re-
versible cerebral vasoconstriction syndrome, and reversible posterior leukoencephalopathy
syndrome [102]. The coexistence of intracranial hemorrhage is often described as a compli-
cation of acute ischemic stroke without this association being fully understood [103–105].
It is known that, in these cases, half of the patients had severe stenosis or occlusion of the
large arteries [103–107]. All these conditions are secondary to degeneration at the level of
the stenosis, which causes rupture of the fragile dilated collateral vessels, accompanied by
emboli that enter the marginally perfused vessels, leading to necrosis and rupture [108,109].

4.4. Pathological Condition and Risk of Ischemic or Hemorrhagic Stroke

Several studies gathered in a meta-analysis [110] have reported that cirrhosis, espe-
cially cirrhosis in the decompensation phase, can increase the risk of stroke. In general, an
increase in total strokes was reported, which were largely hemorrhagic strokes. It is known
that liver cirrhosis, especially decompensated cirrhosis aggravated by liver failure, can
cause defects in the blood coagulation structure, exposing patients to the risk of bleeding,
largely linked to the lengthening of clotting times and the sequestration of platelets in
the hepatosplenic circulation, but also thrombotic complications due to the defect in the
production of proteins with a natural anticoagulant function (protein C, protein S, and
antithrombin III) [111]. A meta-analysis, subsequent to that cited previously, aimed to
establish the potential association between liver cirrhosis and the various forms of acute
cerebrovascular accidents such as hemorrhagic stroke, ischemic stroke, intracranial hem-
orrhage, and subarachnoid hemorrhage. The study highlighted how, in cirrhotic patients,
there was a significant increase in intracranial and subarachnoid hemorrhage compared to
both forms of stroke [111]. In this regard, the authors concluded that it was necessary on a
case-by-case basis to follow the blood coagulation status over time and subject the patient
to suitable prophylaxis [111].

Patients with hematological diseases often experience cerebrovascular complica-
tions including ischemic stroke, intracerebral and subarachnoid hemorrhage, and mi-
crobleeds [112]. Hemorrhagic stroke is a very rare occurrence in chronic myeloproliferative
diseases but when it occurs it can be fatal [113,114]. Particularly in forms such as poly-
cythemia vera and essential thrombocytosis, ischemic stroke is frequent. In these cases,
cytoreductive therapy and antiaggregants may be taken into consideration in high-risk
patients [115,116]. The leukemic forms, especially the acute ones, can cause ischemic or
hemorrhagic stroke, sometimes presenting themselves as the onset of the hematological
pathology [117]. In these cases, stroke is linked to the state of hypercoagulability, dissemi-
nated intravascular coagulopathy (DIC), leukocyte stasis linked to the proliferation of white
blood cells, and forms of endocarditis with platelet vegetations associated with paradoxical
embolism [117]. The AF and other traditional vascular risk factors, infections, and anti-
tumor therapies (radiotherapy, chemotherapy, immunotherapy, and transplantation) can
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be additional risk factors causing stroke. Intracranial bleeding is a serious, potentially fatal
cerebrovascular complication in patients with acute leukemia [112]. Bleeding can occur
in one or more locations, mainly linked to thrombocytopenia. The presence of multiple
hemorrhagic foci of hemorrhage, thrombocytopenia, leukocytosis, and the early presence
of a comatose state has been considered as the most unfavorable prognostic factors for
survival [118]. The leukemic form with the highest hemorrhagic risk is acute promye-
locytic leukemia, which is often associated with disseminated vascular coagulation and
fibrinolysis (with alternating sectoral forms of a thrombotic or hemorrhagic type at the
same time) [119]. The same mechanisms listed above are common to all other forms of
stroke that also occur in lymphomas. In these latter forms, the presence of vasculitis,
thrombotic microangiopathy, and blood stasis induced by compression and ab extrinsic
of the lymphatic packets can be further factors causing hypercoagulability and therefore
stroke [120]. An increase in ischemic or hemorrhagic risk is also reported in patients with
multiple myeloma linked in particular to hypercoagulability, hyperviscosity, thrombotic
microangiopathy, and embolism [121–123]. Furthermore, many drugs used for these patho-
logical forms can have thrombogenic side effects [124]. Thrombotic and thrombocytopenic
purpura can cause ischemic or hemorrhagic strokes even at a young age, usually with mul-
tifocal onset with involvement of the large arteries [125]. Approximately half of the patients
presented neurological forms associated with hemolysis and thrombocytopenia [125].

4.5. Therapies and Treatments Influences in Patients with Hemorrhagic Transformation

The bleeding risk is known as the main problem of all anticoagulant therapies, despite
their proven effectiveness [99]. The introduction of direct oral anticoagulants (DOACs)
into clinical practice means that major hemorrhages, especially intracranial, associated
with therapy are certainly reduced; however, the risk of bleeding, even with these drugs,
is not eliminated. Hence, there is a need to develop new drugs that are ideally capable
of overcoming the current limitations of therapies in use (Figure 4) [99]. In particular, it
would seem that the risk increases in conjunction with acute renal failure as all direct and
indirect anticoagulant drugs have a predominantly renal excretion mechanism and are
therefore subject to hyperaccumulation with the possibility of an increase in major and
minor hemorrhages [126]. It has been shown that the frequency of cerebral hemorrhage
is significantly increased in patients with chronic renal failure, with a significant increase
in deaths during dialysis [127]. Although the data available to us showed that DOACs
reduced the risk of major bleeding compared to VKAs in patients with chronic renal
failure, especially in patients with atrial fibrillation, the risk of major hemorrhagic events is
concrete [128,129]. The heterogeneity of the various studies makes it difficult to understand
whether in the presence of renal failure the prevention of stroke has, in terms of safety
results, entailed the same risk of bleeding compared to not carrying out anticoagulant
therapy. An increase in intracranial hemorrhage with the use of anticoagulants was a
notable finding. For patients with atrial fibrillation and end-stage renal disease, there is a
clinical equilibrium in which the risk of bleeding with any anticoagulant may outweigh
any potential benefit [130,131].

Patients at risk of ischemic stroke related to cardioembolic situations may be at risk
of stroke despite the use of correct anticoagulant therapy [132]. In most cases, this phe-
nomenon, which involves both large and small arteries, is linked to the atherosclerotic
process and to the various nuances that characterize cryptogenic forms [133]. However, if
anticoagulation is correctly performed, the optimization of secondary prevention therapy
may require integration with antiplatelet therapy to make the treatment more effective
in preventing major adverse cardiovascular events [134,135]. However, on the contrary,
other data suggest that the addition of antiplatelets to anticoagulants provides no benefit in
patients with atrial fibrillation and stroke and increases the long-term risks associated with
combined anticoagulant and antiplatelet treatment in patients with atrial fibrillation [136].
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5. Ischemic and Hemorrhagic Stroke in COVID-19 Patients

During the peak of the COVID-19 pandemic, an increase in acute neurological disor-
ders of cerebral circulation was observed, especially in patients hospitalized in intensive
care units [136–138]. These events were mainly of a thrombotic nature but a non-negligible
number of cerebral hemorrhagic manifestations was also highlighted [139,140]. The es-
tablishment of a state of hypercoagulability during COVID-19 infection seems to play a
decisive role in these manifestations so, in these patients, it was carried out early with
pharmacological prophylaxis of venous thromboembolism (VTE) and directed against the
excessive tendency to induce platelet aggregation [141–145]. Intracranial hemorrhage (ICH)
is less frequent than ischemic strokes in COVID-19 patients. However, ICH is associated
with a high mortality rate [146]. At the beginning of the pandemic, Sharifi-Razavi et al. [147]
wondered whether ICH was a direct effect of COVID-19 infection or the consequence of
prophylactic anticoagulant treatment, and other studies have shown that these events are
associated with a loss of the integrity of the BBB and with an increase in inflammatory
cytokines (IL-1, IL-6, TNF-α) [148,149]. Finally, as previously mentioned, a state of hyperco-
agulation can also produce thrombotic microangiopathy of small vessels, loss of endothelial
integrity, and subsequent rupture [150].

6. Conclusions

When treating patients with neurological manifestations related to an ischemic or
hemorrhagic stroke, any underlying conditions or possible consequences related to the
modulation of the hemocoagulatory and fibrinolytic system must always be taken into
consideration. Patients with AF and a higher NIHSS score, diabetics, and elderly patients
should be considered in the highest risk category for the probable evolution of ischemic
stroke to hemorrhagic stroke. Hemorrhagic transformation in the different contexts in
which it can occur is one of the complications that most influence the good outcome in
terms of functional prognosis and in terms of survival. It is mainly due to an alteration
in the BBB with a consequent alteration in endothelial permeability and inflammatory
damage. The same etiopathogenesis is also common to those cases related to COVID-19
infection, where the inflammatory cascade linked to the circulating virus plays an essential
role in modifying the endothelial balance. Future studies should be aimed at improving
knowledge on the management of anticoagulant therapy in fragile patients, perhaps with
the introduction of more selective anticoagulant drugs with less hemorrhagic impact than
those still available. Another direction of study is to acquire further knowledge on the
correct timing of the suspension and reactivation of anticoagulant therapy in high-risk
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patients. In this field, there are still gray areas, especially when it comes to recovery after a
major hemorrhagic event and when it comes to any factors that can favor the appearance
of complications.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Poddar, R. Hyperhomocysteinemia is an emerging comorbidity in ischemic stroke. Exp. Neurol. 2020, 336, 113541. [CrossRef]

[PubMed]
2. Martinelli, I.; Passamonti, S.M.; Bucciarelli, P. Thrombophilic states. Handb. Clin. Neurol. 2014, 120, 1061–1071. [CrossRef]

[PubMed]
3. Ciarambino, T.; Crispino, P.; Minervini, G.; Giordano, M. Cerebral Sinus Vein Thrombosis and Gender: A Not Entirely Casual

Relationship. Biomedicines 2023, 11, 1280. [CrossRef] [PubMed]
4. Ciarambino, T.; Crispino, P.; Mastrolorenzo, E.; Viceconti, A.; Giordano, M. Stroke and Etiopathogenesis: What Is Known? Genes

2022, 13, 978. [CrossRef] [PubMed]
5. Beyth, R.J.; Landefeld, C.S. Anticoagulants in older patients. A safety perspective. Drugs Aging 1995, 6, 45–54. [CrossRef]
6. Cunningham, A.; Stein, C.M.; Chung, C.P.; Daugherty, J.R.; Smalley, W.E.; Ray, W.A. An automated database case definition for

serious bleeding related to oral anticoagulant use. Pharmacoepidemiol. Drug Saf. 2011, 20, 560–566. [CrossRef] [PubMed]
7. Yildirim, M.; Mueller-Hennessen, M.; Milles, B.R.; Biener, M.; Hund, H.; Frey, N.; Giannitsis, E.; Salbach, C. Real-World Evidence

on Disparities on the Initiation of Ticagrelor Versus Prasugrel in Patients with Acute Coronary Syndrome. J. Am. Heart Assoc.
2023, 12, e030879. [CrossRef] [PubMed]

8. Wiviott, S.D.; Braunwald, E.; McCabe, C.H.; Montalescot, G.; Ruzyllo, W.; Gottlieb, S.; Neumann, F.-J.; Ardissino, D.; De Servi,
S.; Murphy, S.A.; et al. Prasugrel versus Clopidogrel in Patients with Acute Coronary Syndromes. N. Engl. J. Med. 2007, 357,
2001–2015. [CrossRef]

9. Reilly, P.A.; Lehr, T.; Haertter, S.; Connolly, S.J.; Yusuf, S.; Eikelboom, J.W.; Ezekowitz, M.D.; Nehmiz, G.; Wang, S.; Wallentin, L.;
et al. The effect of dabigatran plasma concentrations and patient characteristics on the frequency of ischemic stroke and major
bleeding in atrial fibrillation patients: The RE-LY Trial (Randomized Evaluation of Long-Term Anticoagulation Therapy). J. Am.
Coll. Cardiol. 2014, 63, 321–328. [CrossRef]

10. Bansilal, S.; Bloomgarden, Z.; Halperin, J.L.; Hellkamp, A.S.; Lokhnygina, Y.; Patel, M.R.; Becker, R.C.; Breithardt, G.; Hacke,
W.; Hankey, G.J.; et al. Efficacy and safety of rivaroxaban in patients with diabetes and nonvalvular atrial fibrillation: The
Rivaroxaban Once-daily, Oral, Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and
Embolism Trial in Atrial Fibrillation (ROCKET AF Trial). Am. Heart J. 2015, 170, 675–682.e8. [CrossRef]

11. Guimarães, P.O.; Pokorney, S.D.; Lopes, R.D.; Wojdyla, D.M.; Gersh, B.J.; Giczewska, A.; Carnicelli, A.; Lewis, B.S.; Hanna, M.;
Wallentin, L.; et al. Efficacy and safety of apixaban vs warfarin in patients with atrial fibrillation and prior bioprosthetic valve
replacement or valve repair: Insights from the ARISTOTLE trial. Clin. Cardiol. 2019, 42, 568–571. [CrossRef] [PubMed]

12. Kato, E.T.; Giugliano, R.P.; Ruff, C.T.; Koretsune, Y.; Yamashita, T.; Kiss, R.G.; Nordio, F.; Murphy, S.A.; Kimura, T.; Jin, J.; et al.
Efficacy and Safety of Edoxaban in Elderly Patients with Atrial Fibrillation in the ENGAGE AF–TIMI 48 Trial. J. Am. Heart Assoc.
2016, 5, e003432. [CrossRef] [PubMed]

13. Herrera, A.P.; Snipes, S.A.; King, D.W.; Torres-Vigil, I.; Goldberg, D.S.; Weinberg, A.D. Disparate Inclusion of Older Adults in
Clinical Trials: Priorities and Opportunities for Policy and Practice Change. Am. J. Public Health 2010, 100 (Suppl. 1), S105–S112.
[CrossRef] [PubMed]

14. Ray, W.A.; Griffin, M.R.; Avorn, J. Evaluating Drugs after Their Approval for Clinical Use. N. Engl. J. Med. 1993, 329, 2029–2032.
[CrossRef] [PubMed]

15. Cho, H.J.; Chae, J.; Yoon, S.H.; Kim, D.S. Factors related to polypharmacy and hyper-polypharmacy for the elderly: A nationwide
cohort study using National Health Insurance data in South Korea. Clin. Transl. Sci. 2022, 16, 193–205. [CrossRef] [PubMed]

16. Holbrook, A.M.; Pereira, J.A.; Labiris, R.; McDonald, H.; Douketis, J.D.; Crowther, M.; Wells, P.S. Systematic Overview of Warfarin
and Its Drug and Food Interactions. Arch. Intern. Med. 2005, 165, 1095–1106. [CrossRef] [PubMed]

17. Zhou, Z.; Yu, J.; Carcel, C.; Delcourt, C.; Shan, J.; Lindley, R.I.; Neal, B.; Anderson, C.S.; Hackett, M.L. Resuming anticoagulants
after anticoagulation-associated intracranial haemorrhage: Systematic review and meta-analysis. BMJ Open 2018, 8, e019672.
[CrossRef] [PubMed]

18. Ballestri, S.; Romagnoli, E.; Arioli, D.; Coluccio, V.; Marrazzo, A.; Athanasiou, A.; Di Girolamo, M.; Cappi, C.; Marietta, M.;
Capitelli, M. Risk and Management of Bleeding Complications with Direct Oral Anticoagulants in Patients with Atrial Fibrillation
and Venous Thromboembolism: A Narrative Review. Adv. Ther. 2023, 40, 41–66. [CrossRef]

https://doi.org/10.1016/j.expneurol.2020.113541
https://www.ncbi.nlm.nih.gov/pubmed/33278453
https://doi.org/10.1016/B978-0-7020-4087-0.00071-1
https://www.ncbi.nlm.nih.gov/pubmed/24365371
https://doi.org/10.3390/biomedicines11051280
https://www.ncbi.nlm.nih.gov/pubmed/37238951
https://doi.org/10.3390/genes13060978
https://www.ncbi.nlm.nih.gov/pubmed/35741740
https://doi.org/10.2165/00002512-199506010-00004
https://doi.org/10.1002/pds.2109
https://www.ncbi.nlm.nih.gov/pubmed/21387461
https://doi.org/10.1161/JAHA.123.030879
https://www.ncbi.nlm.nih.gov/pubmed/37581388
https://doi.org/10.1056/NEJMoa0706482
https://doi.org/10.1016/j.jacc.2013.07.104
https://doi.org/10.1016/j.ahj.2015.07.006
https://doi.org/10.1002/clc.23178
https://www.ncbi.nlm.nih.gov/pubmed/30907005
https://doi.org/10.1161/JAHA.116.003432
https://www.ncbi.nlm.nih.gov/pubmed/27207971
https://doi.org/10.2105/AJPH.2009.162982
https://www.ncbi.nlm.nih.gov/pubmed/20147682
https://doi.org/10.1056/NEJM199312303292710
https://www.ncbi.nlm.nih.gov/pubmed/8018139
https://doi.org/10.1111/cts.13438
https://www.ncbi.nlm.nih.gov/pubmed/36401587
https://doi.org/10.1001/archinte.165.10.1095
https://www.ncbi.nlm.nih.gov/pubmed/15911722
https://doi.org/10.1136/bmjopen-2017-019672
https://www.ncbi.nlm.nih.gov/pubmed/29764874
https://doi.org/10.1007/s12325-022-02333-9


Neurol. Int. 2023, 15 1453

19. Shorr, R.I.; Ray, W.A.; Daugherty, J.R.; Griffin, M.R. Concurrent Use of Nonsteroidal Anti-inflammatory Drugs and Oral
Anticoagulants Places Elderly Persons at High Risk for Hemorrhagic Peptic Ulcer Disease. Arch. Intern. Med. 1993, 153, 1665–1670.
[CrossRef]

20. Penner, L.S.; Gavan, S.P.; Ashcroft, D.M.; Peek, N.; Elliott, R.A. Does coprescribing nonsteroidal anti-inflammatory drugs and oral
anticoagulants increase the risk of major bleeding, stroke and systemic embolism? Br. J. Clin. Pharmacol. 2022, 88, 4789–4811.
[CrossRef]

21. Proietti, M.; Cesari, M. Describing the relationship between atrial fibrillation and frailty: Clinical implications and open research
questions. Exp. Gerontol. 2021, 152, 111455. [CrossRef]

22. Proietti, M.; Romiti, G.F.; Vitolo, M.; Harrison, S.L.; Lane, D.A.; Fauchier, L.; Marin, F.; Näbauer, M.; Potpara, T.S.; Dan, G.-A.;
et al. Epidemiology and impact of frailty in patients with atrial fibrillation in Europe. Age Ageing 2022, 51, afac192. [CrossRef]
[PubMed]

23. Borre, E.D.; Goode, A.; Raitz, G.; Shah, B.; Lowenstern, A.; Chatterjee, R.; Sharan, L.; Allen LaPointe, N.M.; Yapa, R.; Davis, J.K.;
et al. Predicting Thromboembolic and Bleeding Event Risk in Patients with Non-Valvular Atrial Fibrillation: A Systematic Review.
Thromb. Haemost. 2018, 118, 2171–2187. [CrossRef] [PubMed]

24. Guidoux, C.; Meseguer, E.; Ong, E.; Lavallée, P.C.; Hobeanu, C.; Monteiro-Tavares, L.; Charles, H.; Cabrejo, L.; Martin-Bechet, A.;
Rigual, R.; et al. Twelve-month outcome in patients with stroke and atrial fibrillation not suitable to oral anticoagulant strategy:
The WATCH-AF registry. Open Heart 2019, 6, e001187. [CrossRef] [PubMed]

25. Yang, M.; Cheng, H.; Wang, X.; Ouyang, M.; Shajahan, S.; Carcel, C.; Anderson, C.; Kristoffersen, E.S.; Lin, Y.; Sandset, E.C.; et al.
Antithrombotics prescription and adherence among stroke survivors: A systematic review and meta-analysis. Brain Behav. 2022,
12, e2752. [CrossRef] [PubMed]

26. Lowres, N.; Giskes, K.; Hespe, C.; Freedman, B. Reducing Stroke Risk in Atrial Fibrillation: Adherence to Guidelines Has
Improved, but Patient Persistence with Anticoagulant Therapy Remains Suboptimal. Korean Circ. J. 2019, 49, 883–907. [CrossRef]
[PubMed]

27. Wani, M.; Nga, E.; Navaratnasingham, R. Should a patient with primary intracerebral haemorrhage receive antiplatelet or
anticoagulant therapy? BMJ 2005, 331, 439–442. [CrossRef] [PubMed]

28. Flynn, R.; Doney, A. Antithrombotic medicines following intracerebral haemorrhage: Where’s the evidence? Ther. Adv. Drug Saf.
2011, 2, 205–211. [CrossRef]

29. Vermeer, S.E.; Algra, A.; Franke, C.L.; Koudstaal, P.J.; Rinkel, G.J. Long-term prognosis after recovery from primary intracerebral
hemorrhage. Neurology 2002, 59, 205–209. [CrossRef]

30. Li, L.; Murthy, S.B. Cardiovascular Events After Intracerebral Hemorrhage. Stroke 2022, 53, 2131–2141. [CrossRef]
31. Wong, Y.-S.; Tsai, C.-F.; Ong, C.-T. Risk factors for stroke recurrence in patients with hemorrhagic stroke. Sci. Rep. 2022, 12, 17151.

[CrossRef]
32. Flynn, R.W.; MacDonald, T.M.; Murray, G.D.; Doney, A.S. Systematic Review of Observational Research Studying the Long-Term

use of Antithrombotic Medicines Following Intracerebral Hemorrhage. Cardiovasc. Ther. 2010, 28, 177–184. [CrossRef]
33. Wardlaw, J.M.; Keir, S.L.; Seymour, J.; Lewis, S.; Sandercock, P.A.G.; Dennis, M.S.; Cairns, J. What is the best imaging strategy for

acute stroke? Int. J. Technol. Assess. Health Care 2005, 21, 148. [CrossRef]
34. Bailey, R.D.; Hart, R.G.; Benavente, O.; Pearce, L.A. Recurrent brain hemorrhage is more frequent than ischemic stroke after

intracranial hemorrhage. Neurology 2001, 56, 773–777. [CrossRef] [PubMed]
35. Li, L.; Luengo-Fernandez, R.; Zuurbier, S.M.; Beddows, N.C.; Lavallee, P.; Silver, L.E.; Kuker, W.; Rothwell, P.M. Ten-year risks of

recurrent stroke, disability, dementia and cost in relation to site of primary intracerebral haemorrhage: Population-based study. J.
Neurol. Neurosurg. Psychiatry 2020, 91, 580–585. [CrossRef] [PubMed]

36. Viswanathan, A.; Rakich, S.M.; Engel, C.; Snider, R.; Rosand, J.; Greenberg, S.M.; Smith, E.E. Antiplatelet use after intracerebral
hemorrhage. Neurology 2006, 66, 206–209. [CrossRef] [PubMed]

37. Benjamin, E.J.; Virani, S.S.; Callaway, C.W.; Chamberlain, A.M.; Chang, A.R.; Cheng, S.; Chiuve, S.E.; Cushman, M.; Delling, F.N.;
Deo, R.; et al. American Heart Association Council on Epidemiology and Prevention Statistics Committee and Stroke Statistics
Subcommittee. Heart Disease and Stroke Statistics-2018 Update: A Report from the American Heart Association. Circulation 2018,
137, e67–e492. [CrossRef] [PubMed]

38. Broderick, J.P.; Bonomo, J.B.; Kissela, B.M.; Khoury, J.C.; Moomaw, C.J.; Alwell, K.; Woo, D.; Flaherty, M.L.; Khatri, P.; Adeoye, O.;
et al. Withdrawal of Antithrombotic Agents and Its Impact on Ischemic Stroke Occurrence. Stroke 2011, 42, 2509–2514. [CrossRef]
[PubMed]

39. Kim, J.; Lee, H.S.; Nam, C.M.O.; Heo, J.H. Effects of Statin Intensity and Adherence on the Long-Term Prognosis after Acute
Ischemic Stroke. Stroke 2017, 48, 2723–2730. [CrossRef] [PubMed]

40. Rijkmans, M.; de Jong, G.; Van Den Berg, J.S.P. Non-persistence in ischaemic stroke: Risk of recurrent vascular events. Acta Neurol.
Scand. 2018, 137, 288–292. [CrossRef]

41. Kirley, K.; Rao, G.; Bauer, V.; Masi, C. The Role of NOACs in Atrial Fibrillation Management: A Qualitative Study. J. Atr.
Fibrillation 2016, 9, 1416. [CrossRef] [PubMed]

42. Hsu, J.C.; Maddox, T.M.; Kennedy, K.F.; Katz, D.F.; Marzec, L.N.; Lubitz, S.A.; Gehi, A.K.; Turakhia, M.P.; Marcus, G.M. Oral
Anticoagulant Therapy Prescription in Patients with Atrial Fibrillation Across the Spectrum of Stroke Risk. JAMA Cardiol. 2016, 1,
55–62. [CrossRef] [PubMed]

https://doi.org/10.1001/archinte.1993.00410140047006
https://doi.org/10.1111/bcp.15371
https://doi.org/10.1016/j.exger.2021.111455
https://doi.org/10.1093/ageing/afac192
https://www.ncbi.nlm.nih.gov/pubmed/35997262
https://doi.org/10.1055/s-0038-1675400
https://www.ncbi.nlm.nih.gov/pubmed/30376678
https://doi.org/10.1136/openhrt-2019-001187
https://www.ncbi.nlm.nih.gov/pubmed/31908815
https://doi.org/10.1002/brb3.2752
https://www.ncbi.nlm.nih.gov/pubmed/36067030
https://doi.org/10.4070/kcj.2019.0234
https://www.ncbi.nlm.nih.gov/pubmed/31535493
https://doi.org/10.1136/bmj.331.7514.439
https://www.ncbi.nlm.nih.gov/pubmed/16110073
https://doi.org/10.1177/2042098611415457
https://doi.org/10.1212/WNL.59.2.205
https://doi.org/10.1161/STROKEAHA.122.036884
https://doi.org/10.1038/s41598-022-22090-7
https://doi.org/10.1111/j.1755-5922.2009.00118.x
https://doi.org/10.1017/S0266462305270198
https://doi.org/10.1212/WNL.56.6.773
https://www.ncbi.nlm.nih.gov/pubmed/11274313
https://doi.org/10.1136/jnnp-2019-322663
https://www.ncbi.nlm.nih.gov/pubmed/32165376
https://doi.org/10.1212/01.wnl.0000194267.09060.77
https://www.ncbi.nlm.nih.gov/pubmed/16434655
https://doi.org/10.1161/CIR.0000000000000558
https://www.ncbi.nlm.nih.gov/pubmed/29386200
https://doi.org/10.1161/STROKEAHA.110.611905
https://www.ncbi.nlm.nih.gov/pubmed/21719769
https://doi.org/10.1161/STROKEAHA.117.018140
https://www.ncbi.nlm.nih.gov/pubmed/28916672
https://doi.org/10.1111/ane.12813
https://doi.org/10.4022/jafib.1416
https://www.ncbi.nlm.nih.gov/pubmed/27909516
https://doi.org/10.1001/jamacardio.2015.0374
https://www.ncbi.nlm.nih.gov/pubmed/27437655


Neurol. Int. 2023, 15 1454

43. Guo, J.S.; He, M.; Gabriel, N.; Magnani, J.W.; Kimmel, S.E.; Gellad, W.F.; Hernandez, I. Underprescribing vs underfilling to oral
anticoagulation: An analysis of linked medical record and claims data for a nationwide sample of patients with atrial fibrillation.
J. Manag. Care Spéc. Pharm. 2022, 28, 1400–1409. [CrossRef] [PubMed]

44. Burton, J.K.; Stewart, J.; Blair, M.; Oxley, S.; Wass, A.; Taylor-Rowan, M.; Quinn, T.J. Prevalence and implications of frailty in acute
stroke: Systematic review & meta-analysis. Age Ageing 2022, 51, afac064. [CrossRef] [PubMed]

45. Conroy, S.; Carpenter, C.; Banerjee, J. Silver Book II: Quality Care for Older People with Urgent Care Needs. 2021. Available
online: https://www.bgs.org.uk/resources/resource-series/silver-book-ii (accessed on 1 November 2023).

46. Quinn, T.J.; Taylor-Rowan, M.; Coyte, A.; Clark, A.B.; Musgrave, S.D.; Metcalf, A.K.; Day, D.J.; Bachmann, M.O.; Warburton, E.A.;
Potter, J.F.; et al. Pre-Stroke Modified Rankin Scale: Evaluation of Validity, Prognostic Accuracy, and Association with Treatment.
Front. Neurol. 2017, 8, 275. [CrossRef] [PubMed]

47. Rockwood, K.; Howlett, S.E. Fifteen years of progress in understanding frailty and health in aging. BMC Med. 2018, 16, 220.
[CrossRef] [PubMed]

48. Clegg, A.; Young, J.; Iliffe, S.; Rikkert, M.O.; Rockwood, K. Frailty in elderly people. Lancet 2013, 381, 752–762. [CrossRef]
49. Wilkinson, C.; Clegg, A.; Todd, O.; Rockwood, K.; Yadegarfar, M.E.; Gale, C.P.; Hall, M. Atrial fibrillation and oral anticoagulation

in older people with frailty: A nationwide primary care electronic health records cohort study. Age Ageing 2021, 50, 772–779.
[CrossRef]

50. Wilkinson, C.; Todd, O.; Clegg, A.; Gale, C.P.; Hall, M. Management of atrial fibrillation for older people with frailty: A systematic
review and meta-analysis. Age Ageing 2019, 48, 196–203. [CrossRef]

51. Wilkinson, C.; Wu, J.; Searle, S.D.; Todd, O.; Hall, M.; Kunadian, V.; Clegg, A.; Rockwood, K.; Gale, C.P. Clinical outcomes in
patients with atrial fibrillation and frailty: Insights from the ENGAGE AF-TIMI 48 trial. BMC Med. 2020, 18, 401. [CrossRef]

52. Farooqi, M.A.M.; Gerstein, H.; Yusuf, S.; Leong, D.P. Accumulation of Deficits as a Key Risk Factor for Cardiovascular Morbidity
and Mortality: A Pooled Analysis of 154,000 Individuals. J. Am. Heart Assoc. 2020, 9, e014686. [CrossRef] [PubMed]

53. Stow, D.; Matthews, F.E.; Hanratty, B. Frailty trajectories to identify end of life: A longitudinal population-based study. BMC Med.
2018, 16, 171. [CrossRef] [PubMed]

54. Hindricks, G.; Potpara, T.; Dagres, N.; Arbelo, E.; Bax, J.J.; Blomström-Lundqvist, C.; Boriani, G.; Castella, M.; Dan, J.-A.; Dilaveris,
P.E.; et al. The Task Force for the diagnosis and management of atrial fibrillation of the European Society of Cardiology (ESC)
Developed with the special contribution of the European Heart Rhythm Association (EHRA) of the ESC. Eur. Heart J. 2020, 42,
373–498. [CrossRef] [PubMed]

55. Rodríguez, L.A.G.; Martín-Pérez, M.; Vora, P.; Roberts, L.; Balabanova, Y.; Brobert, G.; Fatoba, S.; Suzart-Woischnik, K.; Schaefer,
B.; Ruigomez, A. Appropriateness of initial dose of non-vitamin K antagonist oral anticoagulants in patients with non-valvular
atrial fibrillation in the UK. BMJ Open 2019, 9, e031341. [CrossRef] [PubMed]

56. Okumura, K.; Akao, M.; Yoshida, T.; Kawata, M.; Okazaki, O.; Akashi, S.; Eshima, K.; Tanizawa, K.; Fukuzawa, M.; Hayashi, T.;
et al. Low-Dose Edoxaban in Very Elderly Patients with Atrial Fibrillation. N. Engl. J. Med. 2020, 383, 1735–1745. [CrossRef]

57. Jiang, X.; Andjelkovic, A.V.; Zhu, L.; Yang, T.; Bennett, M.V.L.; Chen, J.; Keep, R.F.; Shi, Y. Blood-brain barrier dysfunction and
recovery after ischemic stroke. Prog. Neurobiol. 2018, 163–164, 144–171. [CrossRef] [PubMed]

58. Mozaffarian, D.; Benjamin, E.J.; Go, A.S.; Arnett, D.K.; Blaha, M.J.; Cushman, M.; Das, S.R.; de Ferranti, S.; Despres, J.-P.; Fullerton,
H.J.; et al. Stroke Statistics Subcommittee (2016). Heart Disease and Stroke Statistics-2016 Update: A Report from the American
Heart Association. Circulation 2016, 133, e38–e60. [CrossRef]

59. Liu, H.; Wang, Y.; Xiao, Y.; Hua, Z.; Cheng, J.; Jia, J. Hydrogen Sulfide Attenuates Tissue Plasminogen Activator-Induced Cerebral
Hemorrhage Following Experimental Stroke. Transl. Stroke Res. 2016, 7, 209–219. [CrossRef]

60. Jin, X.; Liu, J.; Liu, W. Early Ischemic Blood Brain Barrier Damage: A Potential Indicator for Hemorrhagic Transformation
Following Tissue Plasminogen Activator (tPA) Thrombolysis? Curr. Neurovasc. Res. 2014, 11, 254–262. [CrossRef]

61. Jickling, G.C.; Liu, D.; Stamova, B.; Ander, B.P.; Zhan, X.; Lu, A.; Sharp, F.R. Hemorrhagic Transformation after Ischemic Stroke in
Animals and Humans. J. Cereb. Blood Flow Metab. Off. J. Int. Soc. Cereb. Blood Flow Metab. 2013, 34, 185–199. [CrossRef]

62. Wang, W.; Li, M.; Chen, Q.; Wang, J. Hemorrhagic Transformation after Tissue Plasminogen Activator Reperfusion Therapy for
Ischemic Stroke: Mechanisms, Models, and Biomarkers. Mol. Neurobiol. 2015, 52, 1572–1579. [CrossRef] [PubMed]

63. Zhang, Y.; Wang, Y.; Zuo, Z.; Wang, Z.; Roy, J.; Hou, Q.; Tong, E.; Hoffmann, A.; Sperberg, E.; Bredno, J.; et al. Effects of tissue
plasminogen activator timing on blood–brain barrier permeability and hemorrhagic transformation in rats with transient ischemic
stroke. J. Neurol. Sci. 2014, 347, 148–154. [CrossRef] [PubMed]

64. Lioutas, V.-A.; Beiser, A.; Himali, J.; Aparicio, H.; Romero, J.R.; DeCarli, C.; Seshadri, S. Lacunar Infarcts and Intracerebral
Hemorrhage Differences: A Nested Case-Control Analysis in the FHS (Framingham Heart Study). Stroke 2017, 48, 486–489.
[CrossRef] [PubMed]

65. Lioutas, V.-A.; Beiser, A.S.; Aparicio, H.J.; Himali, J.J.; Selim, M.H.; Romero, J.R.; Seshadri, S. Assessment of Incidence and Risk
Factors of Intracerebral Hemorrhage Among Participants in the Framingham Heart Study Between 1948 and 2016. JAMA Neurol.
2020, 77, 1252–1260. [CrossRef] [PubMed]

66. Da Silva, I.R.F.; Provencio, J.J. Intracerebral Hemorrhage in Patients Receiving Oral Anticoagulation Therapy. J. Intensiv. Care Med.
2015, 30, 63–78. [CrossRef] [PubMed]

https://doi.org/10.18553/jmcp.2022.28.12.1400
https://www.ncbi.nlm.nih.gov/pubmed/36427343
https://doi.org/10.1093/ageing/afac064
https://www.ncbi.nlm.nih.gov/pubmed/35352795
https://www.bgs.org.uk/resources/resource-series/silver-book-ii
https://doi.org/10.3389/fneur.2017.00275
https://www.ncbi.nlm.nih.gov/pubmed/28659859
https://doi.org/10.1186/s12916-018-1223-3
https://www.ncbi.nlm.nih.gov/pubmed/30477486
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1093/ageing/afaa265
https://doi.org/10.1093/ageing/afy180
https://doi.org/10.1186/s12916-020-01870-w
https://doi.org/10.1161/JAHA.119.014686
https://www.ncbi.nlm.nih.gov/pubmed/31986990
https://doi.org/10.1186/s12916-018-1148-x
https://www.ncbi.nlm.nih.gov/pubmed/30236103
https://doi.org/10.1093/eurheartj/ehaa612
https://www.ncbi.nlm.nih.gov/pubmed/32860505
https://doi.org/10.1136/bmjopen-2019-031341
https://www.ncbi.nlm.nih.gov/pubmed/31542760
https://doi.org/10.1056/NEJMoa2012883
https://doi.org/10.1016/j.pneurobio.2017.10.001
https://www.ncbi.nlm.nih.gov/pubmed/28987927
https://doi.org/10.1161/cir.0000000000000350
https://doi.org/10.1007/s12975-016-0459-5
https://doi.org/10.2174/1567202611666140530145643
https://doi.org/10.1038/jcbfm.2013.203
https://doi.org/10.1007/s12035-014-8952-x
https://www.ncbi.nlm.nih.gov/pubmed/25367883
https://doi.org/10.1016/j.jns.2014.09.036
https://www.ncbi.nlm.nih.gov/pubmed/25292413
https://doi.org/10.1161/STROKEAHA.116.014839
https://www.ncbi.nlm.nih.gov/pubmed/28008091
https://doi.org/10.1001/jamaneurol.2020.1512
https://www.ncbi.nlm.nih.gov/pubmed/32511690
https://doi.org/10.1177/0885066613488732
https://www.ncbi.nlm.nih.gov/pubmed/23753250


Neurol. Int. 2023, 15 1455

67. Murphy, M.P.; Kuramatsu, J.B.; Leasure, A.; Falcone, G.J.; Kamel, H.; Sansing, L.H.; Kourkoulis, C.; Schwab, K.; Elm, J.J.; Gurol,
M.E.; et al. Cardioembolic Stroke Risk and Recovery After Anticoagulation-Related Intracerebral Hemorrhage. Stroke 2018, 49,
2652–2658. [CrossRef] [PubMed]

68. Riahi, E.B.; Adelborg, K.; Pedersen, L.; Kristensen, S.R.; Hansen, A.T.; Sørensen, H.T. Atrial fibrillation, liver cirrhosis, thrombosis,
and bleeding: A Danish population-based cohort study. Res. Pract. Thromb. Haemost. 2022, 6, e12668. [CrossRef]

69. Muscari, A.; Masetti, G.; Faccioli, L.; Ghinelli, M.; Trossello, M.P.; Puddu, G.M.; Spinardi, L.; Zoli, M. Association of Left
Ventricular Hypertrophy and Atrial Fibrillation with Hemorrhagic Evolution of Small Vessel Disease. J. Stroke Cerebrovasc. Dis.
Off. J. Natl. Stroke Assoc. 2021, 30, 105946. [CrossRef]

70. Stanton, R.; Demel, S.L.; Flaherty, M.L.; Antzoulatos, E.; Gilkerson, L.A.; Osborne, J.; Behymer, T.P.; Moomaw, C.J.; Sekar, P.;
Langefeld, C.; et al. Risk of intracerebral haemorrhage from hypertension is greatest at an early age. Eur. Stroke J. 2021, 6, 28–35.
[CrossRef]

71. Neuberger, U.; Kickingereder, P.; Schönenberger, S.; Schieber, S.; Ringleb, P.A.; Bendszus, M.; Pfaff, J.; Möhlenbruch, M.A. Risk
factors of intracranial hemorrhage after mechanical thrombectomy of anterior circulation ischemic stroke. Neuroradiology 2019, 61,
461–469. [CrossRef]

72. Sun, J.; Lam, C.; Christie, L.; Blair, C.; Li, X.; Werdiger, F.; Yang, Q.; Bivard, A.; Lin, L.; Parsons, M. Risk factors of hemorrhagic
transformation in acute ischaemic stroke: A systematic review and meta-analysis. Front. Neurol. 2023, 14, 1079205. [CrossRef]
[PubMed]

73. Jaillard, A.; Cornu, C.; Durieux, A.; Moulin, T.; Boutitie, F.; Lees, K.R.; Hommel, M. Hemorrhagic transformation in acute ischemic
stroke. The MAST-E study. MAST-E Group. Stroke 1999, 30, 1326–1332. [CrossRef] [PubMed]

74. Hassan, A.E.; Kotta, H.; Shariff, U.; Preston, L.; Tekle, W.; Qureshi, A. There Is No Association Between the Number of Stent
Retriever Passes and the Incidence of Hemorrhagic Transformation for Patients Undergoing Mechanical Thrombectomy. Front.
Neurol. 2019, 10, 818. [CrossRef] [PubMed]

75. Yu, X.; Pan, J.; Zhao, X.; Hou, Q.; Liu, B. Predicting hemorrhagic transformation after thrombectomy in acute ischemic stroke: A
multimodal score of the regional pial collateral. Neuroradiology 2021, 64, 493–502. [CrossRef] [PubMed]

76. Zhang, X.; Xie, Y.; Wang, H.; Yang, D.; Jiang, T.; Yuan, K.; Gong, P.; Xu, P.; Li, Y.; Chen, J.; et al. Symptomatic intracranial
hemorrhage after mechanical thrombectomy in Chinese ischemic stroke patients: The Asian Score. Stroke 2020, 51, 2690–2696.
[CrossRef] [PubMed]

77. Mokin, M.; Kass-Hout, T.; Kass-Hout, O.; Dumont, T.M.; Kan, P.; Snyder, K.V.; Hopkins, L.N.; Siddiqui, A.H.; Levy, E.I.
Intravenous thrombolysis and endovascular therapy for acute ischemic stroke with internal carotid artery occlusion: A systematic
review of clinical outcomes. Stroke 2012, 43, 2362–2368. [CrossRef] [PubMed]

78. Monteiro, A.; Khan, S.; Waqas, M.; Dossani, R.H.; Ruggiero, N.; Siddiqi, N.M.; Baig, A.A.; Rai, H.H.; Cappuzzo, J.M.; Levy,
E.I.; et al. Mechanical thrombectomy versus intravenous alteplase alone in acute isolated posterior cerebral artery occlusion: A
systematic review. J. NeuroInterv. Surg. 2022, 14, 564–567. [CrossRef] [PubMed]

79. Waqas, M.; Kuo, C.C.; Dossani, R.H.; Monteiro, A.; Baig, A.A.; Alkhaldi, M.; Cappuzzo, J.M.; Levy, E.I.; Siddiqui, A.H. Mechanical
thrombectomy versus intravenous thrombolysis for distal large-vessel occlusion: A systematic review and meta-analysis of
observational studies. Neurosurg. Focus 2021, 51, E5. [CrossRef]

80. Molina, C.A.; Montaner, J.; Abilleira, S.; Ibarra, B.; Romero, F.; Arenillas, J.F.; Alvarez-Sabín, J. Timing of Spontaneous Recanaliza-
tion and Risk of Hemorrhagic Transformation in Acute Cardioembolic Stroke. Stroke 2001, 32, 1079–1084. [CrossRef]

81. Iancu, A.; Buleu, F.; Chita, D.S.; Tutelca, A.; Tudor, R.; Brad, S. Early Hemorrhagic Transformation after Reperfusion Therapy in
Patients with Acute Ischemic Stroke: Analysis of Risk Factors and Predictors. Brain Sci. 2023, 13, 840. [CrossRef]

82. NINDS t-PA Stroke Study Group. Intracerebral hemorrhage after intravenous t-PA therapy for ischemic stroke. Stroke 1997, 28,
2109–2118. [CrossRef] [PubMed]

83. Kidwell, C.S.; Saver, J.L.; Carneado, J.; Sayre, J.; Starkman, S.; Duckwiler, G.; Gobin, Y.P.; Jahan, R.; Vespa, P.; Villablanca, J.P.; et al.
Predictors of hemorrhagic trans-formation in patients receiving intra-arterial thrombolysis. Stroke 2002, 33, 717–724. [CrossRef]
[PubMed]

84. Luo, A.; Bandela, S.; Mozumder, A.; Lee, B. Predictors of Hemorrhagic Transformation After Mechanical Thrombectomy in Acute
Ischemic Stroke (1644). Neurology 2021, 96, 1644.

85. Shen, Z.; Jin, H.; Lu, Y.; Sun, W.; Liu, R.; Li, F.; Shu, J.; Tai, L.; Li, G.; Chen, H.; et al. Predictors and Prognosis of Symptomatic
Intracranial Hemorrhage in Acute Ischemic Stroke Patients Without Thrombolysis: Analysis of Data from the Chinese Acute
Ischemic Stroke Treatment Outcome Registry. Front. Neurol. 2021, 12, 727304. [CrossRef] [PubMed]

86. Hong, J.M.; Kim, D.S.; Kim, M. Hemorrhagic Transformation After Ischemic Stroke: Mechanisms and Management. Front. Neurol.
2021, 12, 703258. [CrossRef] [PubMed]

87. McCann, S.K.; Lawrence, C.B. Comorbidity and age in the modeling of stroke: Are we still failing to consider the characteristics
of stroke patients? BMJ Open Sci. 2020, 4, e100013. [CrossRef] [PubMed]

88. Demchuk, A.M.; Morgenstern, L.B.; Krieger, D.W.; Linda Chi, T.; Hu, W.; Wein, T.H.; Hardy, R.J.; Grotta, J.C.; Buchan, A.M. Serum
Glucose Level and Diabetes Predict Tissue Plasminogen Activator–Related Intracerebral Hemorrhage in Acute Ischemic Stroke.
Stroke 1999, 30, 34–39. [CrossRef] [PubMed]

89. Jurcau, A.; Ardelean, A.I. Oxidative Stress in Ischemia/Reperfusion Injuries following Acute Ischemic Stroke. Biomedicines 2022,
10, 574. [CrossRef]

https://doi.org/10.1161/STROKEAHA.118.021799
https://www.ncbi.nlm.nih.gov/pubmed/30355194
https://doi.org/10.1002/rth2.12668
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105946
https://doi.org/10.1177/2396987321994296
https://doi.org/10.1007/s00234-019-02180-6
https://doi.org/10.3389/fneur.2023.1079205
https://www.ncbi.nlm.nih.gov/pubmed/36891475
https://doi.org/10.1161/01.STR.30.7.1326
https://www.ncbi.nlm.nih.gov/pubmed/10390303
https://doi.org/10.3389/fneur.2019.00818
https://www.ncbi.nlm.nih.gov/pubmed/31440198
https://doi.org/10.1007/s00234-021-02795-8
https://www.ncbi.nlm.nih.gov/pubmed/34417857
https://doi.org/10.1161/STROKEAHA.120.030173
https://www.ncbi.nlm.nih.gov/pubmed/32811387
https://doi.org/10.1161/STROKEAHA.112.655621
https://www.ncbi.nlm.nih.gov/pubmed/22811456
https://doi.org/10.1136/neurintsurg-2021-018017
https://www.ncbi.nlm.nih.gov/pubmed/34728545
https://doi.org/10.3171/2021.4.FOCUS21139
https://doi.org/10.1161/01.STR.32.5.1079
https://doi.org/10.3390/brainsci13050840
https://doi.org/10.1161/01.STR.28.11.2109
https://www.ncbi.nlm.nih.gov/pubmed/9368550
https://doi.org/10.1161/hs0302.104110
https://www.ncbi.nlm.nih.gov/pubmed/11872894
https://doi.org/10.3389/fneur.2021.727304
https://www.ncbi.nlm.nih.gov/pubmed/34650508
https://doi.org/10.3389/fneur.2021.703258
https://www.ncbi.nlm.nih.gov/pubmed/34917010
https://doi.org/10.1136/bmjos-2019-100013
https://www.ncbi.nlm.nih.gov/pubmed/35047684
https://doi.org/10.1161/01.STR.30.1.34
https://www.ncbi.nlm.nih.gov/pubmed/9880385
https://doi.org/10.3390/biomedicines10030574


Neurol. Int. 2023, 15 1456
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